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Introduction 
Lake Baikal is possibly the world's most remarkable freshwater lake (Figs 
1-3). It is certainly the largest in volume (23,000 km3), the deepest 
(maximum depth is 1632 m) and probably the most ancient. 
Nevertheless, from a biological point of view its most interesting aspect is 
the endemic flora and fauna. Many of the species of animals and plants 
occurring in Lake Baikal today are found nowhere else in the world. 
Especially remarkable is the unique and diverse deep-water fauna which 
is maintained by the circulation of oxygen-rich water to the greatest 
depths in the lake. This water mixing is the prime feature that sets Lake 
Baikal apart from other deep freshwater lakes; for example, lakes 
Tanganyika and Malawi in the African rift system possess anoxic deep-
water (Beadle 1974). Despite the fascination of Lake Baikal's biota, its 
isolated location in southeastern Siberia, combined with restricted access 
caused by political tensions, has until recently largely prevented 
international research on the lake. 
This situation changed markedly when former President Gorbachev 
introduced glasnost and perestroika to the former Soviet Union. Rapid 
changes in attitude occurred and, in 1990, an international centre was 
created to foster collaborative research on Lake Baikal, following a 
founding conference in the Siberian town of Irkutsk. Funding for this 
centre was and is international: it involves five founder member 
countries, USA, Britain, Belgium, Japan, and Switzerland acting in 
conjunction with the Russian Academy of Sciences. "BICER", or the 
Baikal International Center for Ecological Research is linked directly 
with the Limnological Institute at Irkutsk. The Director of this institute is 
Dr M. A. Grachev who is also the chairman of the BICER international 
committee. BICER acts by promoting and facilitating research by visiting 
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scientists from the founder countries, in co-operation with Russian 
scientists, as well as providing support for materials and equipment for 
the Limnological Institute. This latter support is increasingly valuable now 
that political and economic turmoil are de-stabilizing the Russian science 
infrastructure in general and research funding in particular. 
BICER and British contributions to research on Lake Baikal 
The on-going British effort in BICER was initiated and is administered by 
The Royal Society, London. This activity has been aided by grants from 
British Petroleum and the Foreign and Commonwealth Office. Since its 
beginning a little over three years ago the initiative has been remarkably 
successful in stimulating and co-ordinating research in a number of 
widely different fields of freshwater biology and limnology. Research so 
far includes investigations of visual pigments in deep-water fish (cottoids) 
by Drs J. K. Bowmaker and D. M. Hunt (Institute of Ophthalmology, 
University of London), phytoplankton taxonomy and ecology by Drs R. J. 
Flower (University College London), D. H. Jewson (Freshwater 
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Laboratory, University of Ulster) and I. Heaney (Aquatic Sciences 
Division, Dept. of the Environment, Northern Ireland), phylogeny and 
ecology of endemic copepods (Dr G. A. Boxshall, British Natural 
Museum, London), aquatic macrophytes and trace metal contamination 
(Prof. J. Green and Dr P. Denny, Queen Mary and Westfield College, 
London), and seal morbilliviruses (Dr T. Barrett, Institute of Animal 
Health, Pirbright, Surrey). In most cases these studies are on-going and 
are in collaboration with staff at the Limnological Institute and the 
University in Irkutsk. Further links have been established elsewhere in 
Russia, particularly in St Petersburg (Leningrad) and Moscow. A list of 
papers published or in press that have resulted wholly or in part from the 
BICER initiative is given at the end of this article. 
The current pollution status of Lake Baikal 
Although Russian scientists have been systematically describing Lake 
Baikal's impressive array of endemic species for the past 100 years or so, 
much of the international research effort is now focused on 
environmental change over a variety of time-scales. American research 
centres upon the geological record of climatic change contained in some 
5 km of lacustrine sediments which lie at the bottom of modern Lake 
Baikal. There is, however, increasing international concern about very 
recent changes in the lake's unique ecosystem that could be linked with 
the effects of water pollution from catchment effluents and atmospheric 
contamination. Worries so far have centred upon declining endemic 
whitefish stocks in the south basin and the spread of viral distemper 
within the Baikal seal population (Grachev et al. 1989). These recent 
changes in the lake ecosystem are thought by some to reflect 
deterioration in lake water quality (Galazii 1991), and one principal 
cause is believed to be waste from a large pulp mill (Fig. 3) at Baikalsk on 
the southern shore of Lake Baikal. Whilst local water quality problems 
are acknowledged, other scientists firmly believe that the pollution 
problem has been overstated (Grachev 1991). To resolve these opinions 
it is necessary to show if the ecology of Lake Baikal has changed in a 
sustained manner over a time period that is compatible with known 
pollution sources. Probably the best way to do this is to measure 
structural changes in the lake's ecosystem, by monitoring changes in 
species abundances over sufficiently long periods of time. 
Assessing recent biological change 
Monitoring studies of the phytoplankton in Lake Baikal's southern basin 
indicate that several species have increased in abundance since the mid 
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1970s (Kozhova 1987). However, biological records are generally 
incomplete, are representative of too short a time period, or/and are of 
insufficient quality to determine whether significant shifts in species 
abundances nave taken place. One way of assessing ecosystem change 
over a longer time period and of identifying any contamination by 
chemical pollution is to examine biological and chemical records 
preserved in recent lake sediments. All lake basins gradually accumulate 
sediment, and analysis of sediment cores allows past changes in the lake 
ecosystem to be detected and dated. One of the main techniques used is 
diatom analysis. Diatoms are siliceous algae which, in Lake Baikal 
phytoplankton, are very important primary producer organisms. They are 
also excellent indicators of water quality. Because their skeletons 
preserve well, changes in the relative abundances of diatom species in a 
sediment core can be very diagnostic of ecological change. 
The diatom flora of Lake Baikal 
In any study of structural ecology or palaeoecology, the quality of 
information obtained is fundamentally dependent on accurate and 
precise taxonomy. Fortunately, diatoms have been well studied in this 
lake with collections beginning in 1877 (Gutwinski 1890). Two major 
papers on the identification and taxonomy of Lake Baikal diatoms by 
Skvortzow & Meyer (1928) and Skvortzow (1937) then appeared, 
followed by a series of ecological and taxonomic studies by A. P. 
Skabichevsky (see Skabichevsky 1960). Many endemic diatoms were 
described in these papers; the diatom phytoplankton is dominated by 
endemic Aulacoseira baicalensis (Meyer) Simonsen and several endemic 
Cyclotella taxa, including C. minuta (Skv.) Antipova (Fig. 4). 
Despite the relative wealth of taxonomic work on Baikal's diatom flora 
many problems remain and new species are being described 
continuously (e.g. Marakova & Pomazkina 1992). Even Aulacoseira 
baicalensis is not adequately described, with the first paper on variation 
in cell ultrastructure being only very recently published (Likhoshway et 
al. 1992). Furthermore, there appears to be some morphological overlap 
of this species with a more cosmopolitan species, A. islandica. Initial 
results of on-going genetic research on the analysis of RNA gene 
sequences (Sherbakova 1993), however, indicates that genotypes of these 
two taxa are clearly distinct. 
Recent sedimentary diatom records in Lake Baikal 
Although diatoms in Lake Baikal sediments have been studied since the 
1930s, the focus was on describing taxa. Only later were biostratigraphic 
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studies combined with those of taxonomy (Cheremisinova 1973). Such 
studies were however concerned with species changes over thousands 
rather than tens of years, and in any case the type of coring apparatus 
used caused the very surface sediments to be lost. These most recently 
deposited sediments are of course crucially important in any study of 
recent changes. Collecting undisturbed surface sediment samples at 
water depths of more than 1 kilometre is not easy and requires 
specialized corers. Several types of box-corers with closing tops and 
bottoms have been developed by staff at the Limnological Institute, 
Irkutsk and at University College London (Figs 5, 6). Undisturbed samples 
of surficial sediment have been retrieved by these corers and the 
presence of radio-isotopes of recent origin confirm the recent nature of 
these sediments (Edgington et al. 1991; Monteith et al. 1993). Diatom 
analysis of several cores taken from a variety of depths in Lake Baikal's 
southern basin using these box-corers, is now underway in both Irkutsk 
and UCL. Most recently, frozen cores have been obtained by freezing 
samples of sediment within a box-corer using liquid nitrogen (Fig. 6). 
Results of core analyses wil l be published later. 
Future research and aspects of particular interest 
Despite the economic and political problems in Russia today it is 
anticipated that British research initiated under the BICER agreement will 
increase. Further phytoplankton research with special reference to life 
cycles, taxonomy and periodicity is planned and work on deep-water 
cottoid fish is continuing. Recent palaeolimnology of the Lake Baikal 
system is underway following successful pilot studies in 1992, with the 
initial aim of collecting a suite of cores from all three of the lake's main 
basins. Analysis of these cores should provide an accurate assessment of 
the lake's current ecological status and demonstrate the impact (if any) of 
pollution-linked changes, where they are strongest and when these 
effects began. British research projects planned for the future include 
collection of remote-sensing data of high resolution, to help examine 
how phytoplankton blooms are initiated spatially and how crops are 
distributed throughout the lake's three basins. Fundamental to all these 
studies is good taxonomy and correct identification of species. These are 
well established for many invertebrate and vertebrate groups but not for 
algae, particularly for the diatoms and picoplankton. Much more 
research is required, however, before morphological algal species types 
can be underpinned by genetic identities. 
An area requiring inspirational development concerns the occurrence 
of endemic species; the significance of endemism in ancient lakes is still 
far from clear despite a recent international conference on the subject. 
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For Lake Baikal, the lake's great age can only be part of the answer, and 
the speciation mechanisms of different groups are not necessarily similar. 
The unique deep-water amphipod fauna comprises over 40 endemic 
genera (Kozhov 1963) but whether this radiation is the result of allopatric 
speciation through geographical separation or sympatric speciation by 
neighbouring populations remains an area of dispute. Some recent 
workers favour the former mechanism (see Fryer 1991, for a succinct 
discussion of the issues). Despite this opinion, it remains difficult to 
reconcile Lake Baikal's fairly uniform and stable (over recent geological 
time) deep water environment with Mayr's explanation of allopatric 
speciation resulting from localization of populations by "extrinsic 
barriers" (Mayr 1963). Perhaps the debate wil l be aided by research into 
the genetics of amphipod speciation currently in progress at the 
Limnological Institute in Irkutsk. 
The endemic diatom flora raises other issues. Common endemic 
planktonic diatoms number probably less than 10 species and so are 
much less diverse than many animal groups in the lake. Diatoms require 
some relationship with the photosynthetic or euphotic zone, where water 
turbulence is a key factor controlling species occurrence and periodicity. 
Environmental instability of Lake Baikal's surface waters extends to a 
longer time-scale. The Baikal region was never glaciated but peri-glacial 
conditions occurred during the Pleistocene Period (Velichko et al. 1984) 
and must have caused, inter alia, major variations in the persistence of 
ice cover and lake-water turbulence. Another difference between the 
diatom flora and the endemic faunas in Lake Baikal is that an excellent 
fossil record of diatom plankton communities is preserved in deep-water 
sediments. Modern endemic species have been reported from Miocene 
sediments (e.g. Belova et al. 1983) but identifications are unsubstantiated 
and are now thought to be unreliable (G. Khursevich, pers. comm.). 
Close scrutiny of the fossil diatom record, combined with careful and 
consistent discrimination of taxa using both morphological and genetical 
criteria, is therefore required before sensible speculations about the origin 
of modern diatom species and communities can be made for Lake Baikal. 
In addition to its remarkable endemic biota, Lake Baikal possesses 
many other notable features, not least of which is its catchment, 540,000 
km2 in area. This offers many varied opportunities for more applied 
research. The current extent of background deposition of atmospheric 
pollutants in the Baikal region has implications for lake-water quality and 
is partially known from direct measurements (Kokorin & Politov 1991). 
However, the ecological impacts and time trends in deposition loadings 
can best be estimated from the analysis of sediment cores taken from 
small lakes in the mountain ranges in the immediate vicinity of Lake 
Baikal. This work is in its initial stages (Flower et al. 1993) but results so 
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far show that a soft-water mountain lake near the southeastern shore of 
Lake Baikal has been contaminated by trace metals since approximately 
the 1940s. 
Taking a wider perspective, virtually all spheres of energy production, 
agriculture and exploitation of mineral reserves within the Baikal 
catchment are inefficiently developed. Whether or not these operations 
are affecting the biota of Lake Baikal remains unclear, but there is great 
scope for innovations and improvements to pollution controls. The 
region's spectacular lake scenery and extensive wilderness areas are its 
greatest resource and eco-tourism must offer great potential for the cash-
starved local economies. However, this industry will not thrive unless 
development is reconciled with maintaining natural ecosystems. Lake 
Baikal has been proposed as a World Heritage Site and recognition is 
based on the assumption that it suffers from little or no pollution. Any 
regional development must therefore proceed in an environmentally 
sensitive manner based on sound policies developed from appropriate 
research and concurrent impact assessments. 
Acknowledgements 
I wish to thank The Royal Society and Dr M. A. Grachev, Director of the 
Limnological Institute, Irkutsk, for making this report possible by 
stimulating international research on Lake Baikal. I am very grateful to all 
the staff at the Limnological Institute who have facilitated fieldwork visits 
to Lake Baikal and surrounding areas, Dr Y. Likhoshway, Dr A. Kuzmina 
and Ms C. Nagornaya deserve particular thanks. Mr L. U. Mole at The 
Royal Society London provided invaluable support with logistics and 
travel arragements. ECRC collegaues Mr D. Monteith and Dr A. Mackay 
have also contributed to this work. This paper has benefitted from 
discussions with many people including Dr D. Sherbakov (Irkutsk), Dr 
D. H. Jewson (Ulster), Prof. R. W. Battarbee (UCL), Mr S. Politov 
(Moscow) and Dr J. Tailing (FBA). Art work is by Mr. T. Aspden. 
BICER publications 
The following are research publications and reports resulting directly 
from the BICER scheme operated by The Royal Society of London. 
Barret, T., Crowther, J., Osterhaus, A. D. M. E., Subbarao, S. M., Groen, 
J., Haas, L., Mamaev, L. V., Titenko, A. M., Visser, I. K. G. & Bostock, 
C. J. (1992). Molecular and serological studies on the recent seal virus 
epiootics in Europe and Siberia. Science of the Total Environment, 115, 
117-132. 
Bowmaker J. K., Govardovskii, V. I., Shukolyukov, S. A., Zueva, L. V., 
20 R. J. FtOWER 
Hunt, D. M., Sideleva, V. G. & Smirnova, O. G. (1993). Visual 
pigments and the photic environment: the cottoid fish of Lake Baikal. 
Vision Research, (in press). 
Boxshall, G. A., Evstigneeva, T., & Clark, P. F. (1993). A new interstitial 
cyclopoid copepod from a sandy beach on the western shore of Lake 
Baikal, Siberia. Hydrobiologia, (in press). 
Boxshall, G. A. & Evstigneeva, T. D. (1993). The evolution of species 
flocks of copepods in Lake Baikal. Archiv fur Hydrobologie, (in press). 
Evstigneeva, T., Clark, P. F. & Boxshall, G. A. (1991). Nocturnal 
emergence behaviour of the fauna of Lake Baikal, Siberia. Progress in 
Underwater Science, 16, 85-91. 
Flower, R. J. (1993). A taxonomic re-evaluation of endemic Cyclotella 
taxa in Lake Baikal, Siberia. Nova Hedwigia, 106, 203-220. 
Flower, R. J. & Ye. Likhoshway (1993). Diatom preservation in Lake 
Baikal (Abstract). In Diatom Algae as Indicators of the Changes of 
Climate and Environment (ed. M. A. Grachev), pp 77-78. The fifth 
workshop on Diatom algae, March 16-20, Irkutsk. Russian Botanical 
Society. 
Flower, R. J., Politov, S., Appleby, P. G., Rippey, B., Rose, N., Stevenson, 
A. C. & Patrick, S. J. (1993). A palaeolimnological evaluation of the 
extent and impact of atmospheric contamination and recent 
environmental change in a remote high mountain lake in Siberia 
(Abstract). The VI International Palaeolimnology Conference, April 15-
18th, Canberra. 
Green, J. & Koslova G. (1992). Carotenoids, photo-protection and food-
web links in Lake Baikal. Freshwater Biology, 28, 49-58. 
Monteith, D., Flower, R. J., Town, M. & Chambers, J. (1993). An 
improved box corer for sampling soft surficial sediments in deep lakes 
(Abstract). In Diatom Algae as Indicators of the Changes of Climate and 
Environment (ed. M. A. Grachev), pp 98-99. Proceedings of the fifth 
workshop on Diatom algae, March 16-20, Irkutsk. Russian Botanical 
Society. 
General references: 
Beadle, L. C. (1974). The Inland Waters of Tropical Africa. Longman. 
Belova, V. A., Lut, B. F., Loginova, L. P. & Khursevich, G. L. (1983). 
Sediment formation in Lake Baikal. Hydrobiologia, 103, 281-285. 
Cheremisinova, Y. A. (1973). Diatom Flora of Neogene Deposits of the 
Lake Baikal Region. Science Academy of the USSR, Siberian Division, 
Novosibirsk. 
Edgington, D. N., Klump, J. V., Robbins, J. A., Kusner, Y. S., Pampura, 
V. D. & Sandimirov, I. V. (1991). Sedimentation rates, residence times 
RESEARCH ON LAKE BAIKAL 21 
and radionuclide inventories in Lake Baikal from 137CS and 210Pb in 
sediment cores. Nature, London, 350, 601-604. 
Fryer, G. (1991). Comparative aspects of adaptive radiation and 
speciation in Lake Baikal and the great lakes of Africa. Hydrobiologia, 
211, 137-146. 
Galazii, M. (1991). Lake Baikal reprieved. Endeavour, 15, 13-17. 
Grachev, M. A. (1991). On the present state of the ecological system of 
Lake Baikal. Unpublished manuscript. Limnology Institute, Siberian 
Academy of Sciences, Irkutsk. 
Grachev, M. A. et al. (1989). Distemper virus in Baikal seals. Nature, 
London, 338, 209. 
Gutwinski, R. (1890). O pionowem rozsiedleniu glonow jeziora 
Baicalskiego. Kosmos (Lwow), 15, 498-505. 
Kozhov, M. (1963). Lake Baikal and its Life. Monographiae Biologicae 
11, W. Junk, The Hague. 
Kozhova, O. M. (1987). Phytoplankton of Lake Baikal: structure and 
functional characteristics. Archiv fur Hydrobiologie, Beiheft Ergebnisse 
der Limnologie, 25, 19-37. 
Likhoshway, Ye., Yakushin, A. O., Puzyr, A. P. & Bondarenko, N. (1992). 
Fine structure of the velum and girdle bands in Aulacoseira baicalensis. 
Diatom Research, 7, 87-94. 
Marakova, I. V. & Pomazkina, G. V. (1992). Stephanodlscus inconspicuus 
sp. nov. (Bacillariophyta) from Lake Baikal. Algologia, 2, 84-86. 
Mayr, E. (1963). Populations, Species and Evolution. Harvard. 
Kokorin, A.' O. & Politov, S. (1991). Fallout of pollutants with 
precipitation in the southern Baikal area. Soviet Meteorology and 
Hydrology, 1,48-56. 
Skabichevsky, A. P. (1960). Freshwater Planktonic Bacillariophyta of the 
USSR. 350pp. Moscow. 
Skvortzow, B. W. (1937). Bottom diatoms from Olhon Gate of Baikal 
Lake, Siberia. Philippine Journal of Science, 62, 29-377. 
Skvortzow, B. W. & Meyer, C. I. (1928). A contribution to the diatoms of 
Baikal lake. Proceedings of the Sungaree River Biological Station, 1 , 1 -
55. 
Sherbakova, T. (1993). Restriction analysis of 16S RNA genes of 
Aulacoseira baicalensis and A. islandica (Abstract). In Diatom Algae as 
Indicators of the Changes of Climate and Environment (ed. M. A. 
Grachev), p.121. Proceedings of the fifth workshop on Diatom algae, 
March 16-20, Irkutsk. Russian Botanical Society. 
Velichko, A. A., Isayeva, L. L., Makeyev, V. M., Matishov, G. G. & 
Faustova, M. A. (1984). Late Pleistocene glaciation of the arctic shelf 
and the reconstruction of Eurasian ice sheets. In Late Quaternary 
Environments of the Soviet Union, (eds H. E. Wright & C. W. 
22 A. D. BERRIE 
Barnosky), pp.35-41. The University of Minnesota. 
Weis, R. F., Carmack, E. C. & Koropalov, V. M. (1991). Deep-water 
renewal and biological production in Lake Baikal. Nature, London, 
349, 665-669. 
